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ABSTRACT 
This paper aims firstly at calculating the theoretical amount of full carrying 
cost, in index terms, in the full contango relationship established between the Hang 
Seng Index (HSI) spot month futures and the next calendar month futures on an intra-
day basis. The degree, in terms of index point, of above-full-contango and below-full-
contango of the next calendar month based on the spot month futures is investigated. 
In doing so, we employ discrete dividend payments in the analysis for a better real-
world representation. 
Then, we explain the trading strategy of selling and buying futures spreads, 
which can be used by hedge funds to exploit the profit of such a temporary supply-
and-demand caused distortion on an ex-post basis. We also formulate stimulating 
trading rules. 
However, trading spread is not an easy business once transaction cost and the . 
possibility of execution are taken into consideration. 
We find that HSI futures prices are closely related to the theoretical price, 
which is consistent with the cost-of-carry model. 
iv 
ACKNOWLEDGEMENTS 
We would like to take this opportunity to express our heartfelt thanks to 
Professor Raymond Chiang, Department of Finance, the Chinese University of Hong 
Kong, who has offered us invaluable encouragement, advice, assistance and 
supervision during the conduct of this paper, without which we could not complete 
the research as it is presented here. 
Our appreciation also goes to Miss Lilian Lam of HSI Services Limited for her 
generous and speedy assistance in compiling the daily HSI spot index and the 
corresponding market capitalisation. It was the information that led the conversion of 
discrete dividend from dollar terms to index terms feasible. 
I 
V 
TABLE OF CONTENTS 
ABSTRACT Hi 
ACKNOWLEDGEMENTS iv 
TABLE OF CONTENTS v 
LIST OF TABLES vi 
LIST OF FIGURES vii 
LIST OF APPENDICES viii 
CHAPTER 
INTRODUCTION 1 
DEVELOPMENT OF METHODOLOGY 7 
COST-OF-CARRY MODEL 7 
STOCK INDEX FUTURES 9 
BORROWING AND LENDING RATES 12 
TRANSACTION COSTS 13 
CALENDAR SPREAD IN STOCK INDEX FUTURES 15 
Discrete Dividend 15 
Futures Spread 16 
SCOPE OF STUDY 18 
SPREAD AND DISCREPANCY 18 
TRADING R U L E . . . .： 18 
PREDICTING MARKET PRICE BY EQUILIBRIUM FUTURES PRICE 21 
DATA 22 
RESULTS 26 
DESCRIPTIVE STATISTICS 2 6 
STIMULATED TRADING RULE 2 7 
REGRESSION ANALYSIS 2 8 
CONCLUSION AND DISCUSSION 29 
APPENDIX..... 31 
BIBLIOGRAPHY - 38 
vi 
LIST OF TABLES 
TABLE 1: Excerpt of Data 2 2 
TABLE 2 : Descriptive Statistics on Spread and Discrepancies 26 
vii 
LIST OF FIGURES 
FIGURE 1: Market Forces of Futures Pricing 10 
FIGURE 2: Spread Trading 19 
FIGURE 3: Stimulated Trading Rule (September and October 1994) 27 
參•參 
V111 
LIST OF APPENDICES 
APPENDIX 1: Specification of HSI Futures Contract 31 
APPENDIX 2 : H I B O R Summary 3 3 
APPENDIX 3: Dividend Summary 34 
APPENDIX 4 : Averaged Base of HSI for September to October 1 9 9 4 35 
APPENDIX 5: Dividend Matrix for Pricing Next Calendar Month Futures 36 
APPENDIX 6: Excerpt of the Worksheet on Calendar Spreads 38 
APPENDIX 7: Summary Statistics of Spreads and Discrepancies 39 
APPENDIX 8: Regression Analysis on Prices of F(O 2) with respect to F®(o,2) 40 
1 
CHAPTER I 
INTRODUCTION 
For commodity futures, such as the New York Mercantile Exchange-traded 
No.2 Heating Oil contracts, backwardation describes the market situation where the 
future prices of distant contract months are lower than those of the nearby contract 
months. In this case, the basis! is positive. This condition, which occurs only in 
futures prices, is determined by the factors other than or in addition to cost-of-carry. 
For some commodities, backwardation is rare, but for others it is a regular or seasonal 
occurrence. Shortage of commodity for short selling is a ready reason. 
Contango describes the market situation where the futures prices are higher for 
distant contracts than for nearby ones - just the opposite of backwardation. In this 
case, basis is negative. The full contango situation signifies a no arbitrage full cost-
of-carry relationship between the cash and the futures prices. 
MacMinn, Morgan and Smith (1990) uses Keynesian model to state that 
contango must occur whenever storage cost is incurred. It is because the first order 
conditions require the absence of arbitrage opportunities. The model, consisting of 
"upstream firms" (producers of raw material) and "downstream firms" (users of the 
raw material in production of a consumer goods), provides a characterization of the 
1 Basis is defined as the cash price (spot price) minus the futures price. 
2 
equilibrium spot-forward price differential. For the occurrence of backwardation, 
additional assumptions must be imposed on the level of demand for the consumer 
goods or on initial supply. The demand for the final goods must be sufficiently high 
or the initial supply, which the participants carry into the current period, must be 
relatively small to generate a spot price above the forward price. 
Young and Boyle (1989) suggests that stochastic fluctuations in the money 
and the underlying commodity supplies can also lead to switches between 
backwardation and contango. Pure monetary uncertainty leads to backwardation; and 
pure output uncertainty leads to contango under high risk aversion. 
Normal backwardation refers a market situation in which the futures price is 
above the cash price but still below the full cost-of-carry futures price. In this case, 
the basis is still negative, but is less negative than what it should be for the full cost-
of-carry condition. Ehrhardt, Jordan and Walkling (1987) uses an Arbitrage Pricing 
Theory (APT) model to estimate the returns on com, soybean and wheat futures 
contracts. The 2-factor model has high explanatory power and significantly reduces 
the residuals' correlation. In an APT model, systematic risk is defined as sensitivity 
to the underlying factors; in this sense, the futures contracts show a high degree of 
systematic risk. However, the excess returns on the underlying factors are all 
statistically indistinguishable from zero. No significant risk premium exists. The 
results do not support the existence of normal backwardation. 
Kolb (1992) examines 29 commodities with 980,800 daily settlement price 
observations for three main testable implications based on the theory of normal 
backwardation. Firstly, futures returns should be positive; secondly, futures prices 
before expiration should be below the terminal futures price; and thirdly, the longer 
3 
the time of a futures contract remains effective the lower the futures prices should be. 
It is found that none of the 29 commodities are good candidates for normal 
backwardation from 1957 to 1988. Normal backwardation is not a general feature of 
futures markets. 
Cornell and French (1983) and Modest and Sundarensan (1983) derive that the 
cost-of-carry model is applicable to stock index futures pricing, with the assumption 
that forward and futures prices are equal. 
There are other alternatives to the cost-of-carry model. First, Kawaller, Koch, 
and Koch (1987), and Stoll and Whaley (1990) report the interdependence between 
stock index cash and futures prices in the partial equilibrium model. 
Second, Rendlemand and Carabini (1979), Cornell and Reinganum (1981), 
and French (1983) suggest that the stochastic nature of interest rate should be 
considered when the interest rate is not known. 
Third, MacKinley and Ramaswamy (1988) proposes that the difference 
between actual stock index futures prices and the theoretical prices from the cost-of-
carry model is serially correlated and maturity- and path-dependent. 
Forth, Rensick and Hennigar (1983)，Kamara (1988)，and Hemler (1988) 
propose that, in some financial futures markets, the discrepancy between the actual 
and theoretical futures prices is related to the level of interest rates or the volatility of 
the underlying security price. 
Fifth, Hemler and Longstaff (1991) develops a closed-form general 
equilibrium model of stock futures prices in a continuous-time economy with 
stochastic interest rates and market volatility. They find that stock index futures 
4 
prices are related to market volatility and that their interest-rate sensitivity is a non-
linear function of contract maturity. 
In Hong Kong, we have three major stock market indices - the Hang Seng 
Index (HSI) published in November 1969，All-Ordinaries Index (AOI) published in 
January 1989, and the Morgan Stanley Capital International Hong Kong Index (MSCI 
-HK) published in January 1970. Among them, only the HSI-based futures contracts 
(HSI and its four Sub-Indices) are traded on the Hong Kong Futures Exchange 
(HKFE). HKFE is a public company incorporated under the Companies Ordinance in 
Hong Kong and is a self-regulatory body authorized by the Hong Kong Government 
to operate options and futures market locally. It is limited by shares paid. It functions 
to provide a market place for trading futures and options contracts by its Members. 
The operation, management and regulatory functions of the HKFE, its market 
and its subsidiary the Clearing Corporation Limited are monitored, regulated, and 
audited by the Securities and Futures Commission (SFC). 
The HSI, which is published by the HSI Service Limited, functions to trace the 
day to day general prices movement of the Hong Kong market. It is impossible to 
long or short the cash HSI directly. Instead, the basket of constituent stocks should be 
used. The HSI is updated on a minute-by-minute basis during the trading hours of the 
Hong Kong Stock Exchange and is disseminated locally and internationally by 
financial information services. 
The HSI index is a value-weighted index. It consists of 33 constituents stocks. 
Constituent stocks share the common characteristics that the principal operational 
bases are in Hong Kong; and that the stocks fulfil the minimum requirements on 
j 
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market values and on turnover values. The percentage share of total market 
capitalisation in August 1993 was 65.90%. 
The HSI futures contracts were first introduced by the HKFE on May 6，1986.2 
Futures contract is basically a commitment to buy and sell the underlying portfolio of 
stock as described by the Hang Seng index in the future at a specific price prevailing 
in the present. This mere act actually participates in the overall price movement of the 
stock market, as estimated by the index. The margin nature of trading the futures 
contract enables the contract to be a high leverage financial instrument and also 
defenses against default. 
HKFE Members conduct trades for their own accounts and for clients accounts 
in the Pit area by open outcry. Member Representative finds matching business by 
calling out the trade details in the crowd. Trading begins at the Opening Bell and 
ceases at the Closing Bell. 
The HKFE Clearing Corporation Limited, a wholly HKFE-owned subsidiary, 
is responsible for the clearing and registration of transactions effected on the market 
of HKFE. The Clearing House is effectively the counter-party of every trade it clears 
and registers. At the end of each trading day, the Clearing House determines the 
Official Quotation Price^, and all the Members' liabilities such as Variation 
Adjustment'^. The Variation Adjustment is the daily gain or loss for the Member's 
account from mark-to-market and is posted to the account on a daily basis. The 
Clearing House does not keep historical traded prices of positions. It is because all 
2 See Appendix 1 for the specifications of HSI futures contract. 
3 The Official Quotation Price is the daily settlement price. 
4 The Variation Adjustment is the variation margin. 
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the positions are marked to market everyday and these positions are carried forward at 
"today's" Official Quotation Price. 
Motivated by these considerations, this paper tries to explore the price 
relationship between the spot month and the next calendar month Hang Seng Index 
(HSI) futures contracts. Specifically, we study the difference between observed 
spread and the theoretical spread to see if there is any speculative opportunity. In 
calculating the theoretical spread, discrete dividend payments are used. We try to 
derive a trading strategy for spreaders. At the end, the spreader's rule is discussed 
under the consideration of transaction costs. 
7 
CHAPTER II 
DEVELOPMENT OF METHODOLOGY 
Cost-of-Carry Model 
The general cost-of-carry model states the price relationship between the cash 
price and the futures price of any commodity under equilibrium (or no arbitrage) 
condition. Futures price is expressed as the sum of the corresponding cash price, 
financing cost and the storage cost. 
Once the full cost-of-carry relationship is violated, arbitrage opportunity 
exists. A cash-and-carry arbitrage opportunity exists, whenever the futures price is 
higher than the spot price of the commodity plus the carrying charges necessary to 
carry the spot commodity forward to delivery. The cash-and-carry arbitrage condition 
is expressed as follows: 
Fo , t>So(1+C) 1 
where: 
Fox = the futures price at t=0 for delivery at time T. 
So = the spot price of commodity at time 0. 
C = the cost-of-carry as a fraction of the spot price. 
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On the contrary, a reverse cash-and-carry arbitrage opportunity exists if the 
futures price is less than the spot price plus the carrying charges necessary to carry the 
spot commodity forward to delivery. A reverse cash-and-carry arbitrage can be 
3 -
I executed profitably by borrowing and selling the commodity, buying the futures, 
investing the upfront cash in riskless interest rate and taking delivery on the futures at 
i 
I maturity to repay the borrowings. Mathematically, the reverse cash-and-carry 
arbitrage condition is: 
F O � T < S O ( 1 + C ) 2 
At equilibrium, neither cash-and-carry arbitrage nor reverse cash-and-carry 
arbitrage can be carried out. To prevent cash-and-carry arbitrage, the rule is 
FO,T<SO(1+C) 3 
To prevent reverse cash-and-carry arbitrage, the price relationship must be 
F O , T > S O ( 1 + C ) 4 
Together with equation (3) and (4), there is no arbitrage opportunity when 
FO,T = S O ( 1 + C ) 5 
The normal full-contango for future prices holds as there are two opposite 
market forces operating by arbitrageurs to bring the temporarily distorted futures price 
back to the normal full-contango situation. 
9 
Stock Index Futures 
For stock index futures, the cost-of-carry model becomes: 
FO,T = S O ( 1 + C . D ) 6 
where: 
So is the spot index value. 
C is the carry cost as a fraction of the spot index value. 
D is the future value of dividend payments incurred in the life of the contract. 
Consideration of dividend payment is a feature of equity and index futures. 
After all, whenever the price relationship between spot index value and the futures 
value is violated, index arbitrage takes place to restore the full contango situation. 
(See Figure 1) 
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Figure 1: Market Forces of Futures Pricing 
Basis 
(in Index Point) ^ 
Reverse 
Cash-and-Carry 
Arbitrage 
I Backwardation 
So « 1 1 1 I 二 I Time (Month) 
f|)，i FO，8 
:Above Full Contango Full Contango 
! / • 
j / Cash-and-Carry 
•/ Arbitrage 
• 
Basis = Cash Index price - Futures price. 
Fo，i = Spot futures market price. 
Fq 2 = Market futures price for next month contract. 
Fq 5 = Market futures price for the next calendar quarter month. 
Fq8 = Market futures price for the next second calendar quarter month. 
Backwardation = the condition where the market futures price is lower than the 
theoretical future price and the basis is positive. A reverse cash-
and-carry arbitrage can be performed. 
Above full contango = the condition where the market futures price is higher than 
the theoretical future price and the basis is negative. A cash-
and-carry arbitrage can be performed. 
11 
I 
Figure 1 is conceptually plotted where Fq g is normalized to 0. 
In the case of above full contango, the market force of cash-and-carry arbitrage 
operates by buying the cash stock portfolio constituting the index, borrowing the fund 
at the market interest rate, and simultaneously selling the futures at the prevailing 
above full-contango futures price. On delivery date, the arbitrageur will deliver the 
stock portfolio to offset his future position and repay the loan plus the interest. Since 
this situation provides a riskless profit, arbitrageur continues to short futures contracts 
and buy the stock portfolio until there is no longer a difference between actual and 
theoretical futures prices. This causes futures price to fall and cash price to rise until 
the market and the theoretical full-contango futures prices are identical. 
In the case of backwardation, the market force of reverse cash-and-carry 
arbitrage operates by simultaneously selling the cash index portfolio short and 
investing the proceeds in a risk-free asset at market interest rate. At the end, the 
arbitrageur would collect the principal and interest on the risk-free asset, take the 
delivery on the futures contract, and return the index stocks borrowed. 
At equilibrium, the value of the futures contract should be equal to that of the 
cash index plus the net cost-of-carry. Cost-of-carry is defined to be equivalent to the 
cost of financing: the interest rate that would be paid to borrow the necessary fund to 
buy and carry the asset. Net cost-of-carry refers to net financing costs: the cost of 
financing adjusted for any monetary benefits received as a result of holding or 
carrying the asset. Holders of stocks receive dividends in case of an index portfolio. 
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Borrowing and Lending Rates 
I In real world, borrowing rate is higher than lending rate. Borrowing rate is 
丨 
I used for cash-and-carry arbitrage; lending rate is used for reverse cash-and-carry 
I arbitrage. In this situation, the single theoretical futures price becomes a no-arbitrage 
] 
i 
channel. This range is characterized by an upper and a lower bound as follows: 
upper _ e ^ (borrowing rate) t 7 
t OJ - ^ ‘ 
T7 lower _ e ^ (lending rate) t o 
^ 0,T - ^ ° 
where 
F upper OT = the Upper boundary of stock index futures contract's price at 
time 0 with T as settlement date. 
F lo而 OT = the lower boundary of stock index futures contract's price at 
time 0 with T as settlement date. 
F®OT is the equilibrium futures price ranging from F o j to F O,T, i.e., 
l^e — r u lower ^ upper n O 
^ 0,T - LI^  0，T，^ 0,TJ ” 
where 
F®o T = theoretical price of stock index futures at time 0 with T as settlement 
date. 
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In this study, the lending and the borrowing rates are assumed to be the same 
as the Hong Kong Inter-Bank Offered Rates (HIBOR) since we believe that the major 
hedge fund players have either sufficient capital for internal transfer or the capacity to 
i 
I . 
I borrow and lend with a negligible spread, i.e., 
I borrowing rate = lending rate 10 
i . ！ 
and, therefore, equation (9) becomes 
u _ T7 upper _ Tj lower 11 
T “ ^ 0,T - ^ 0,T 丄丄 
where the interest rate is locked in to be constant during the life of the futures through 
swap, or other interest rate hedging instruments. 
The HIBOR is already a very close approximation of risk-free rate. Further 
studies using stochastic interest rate model may provide a better estimation. 
Transaction Costs 
Once transaction costs are considered, the no-arbitrage channel will be 
widened. The upper boundary becomes: 
F upper o,T+U 12 
where 
U = the sum of stock commission, stamp duty, transaction levy and bid-ask 
spread plus the sum of futures commission and exchange fees. 
14 
The lower boundary becomes: 
17 lower j 1 3 
^ 0，T - L IJ 
I where 
I I 1 1 
I L = the sum of the borrowing stock rate and the deposit rate plus the sum of 
i 
futures commission and exchange fees. This is a case of short-selling. 
i 
F^ O,T is ranging from ( F O，T • L ) to ( F O,T + U ), i.e.， 
F V = [F-ero，T-L，F upper OT + U] ……•…H 
At this moment, we temporarily ignore the transaction costs, U and L. 
Transaction costs will be re-considered in the discussion of trading strategies. 
15 
Calendar Spread in Stock Index Futures 
Discrete Dividend 
Equilibrium stock index futures price is always expressed in terms of the 
underlying cash index, dividend yield and the risk-free rate as follows: 
= 
where 
F e 0 T = the theoretical (or equilibrium) stock index futures contract price at 
time 0 with settlement date T. 
So = the price of the cash index at time 0. 
I = present value of the discrete income to be received during the life of 
the futures contract, using the risk-free discount rate, 
r = the continuous financing rate for period T (in decimal form), 
t = number of years from time 0 to time T 
However, dividend stream may not be smooth at all. Discrete dividend 
payment is preferred especially for pricing short term futures contracts. The cost-of-
carry model is expressed as: 
= ( So -1： PV(Di))它 r(o，T) t(o，T) 16 
where 
Dj = discrete dividend to be received during the life of the futures contract. 
PV = the present value function with the risk-free discount rate. 
16 
Futures Spread 
Compared with the stock market, futures market is more liquid and, hence, 
futures transactions can be carried out without delay in terms of index portfolio 
tracing. The cost-of-carry relationship should hold well, if not better, in futures 
market. 
The price relationship between the spot month futures and the next calendar 
month futures is our investigation focus. The observed spread v|/ in our investigation 
is defined as: 
V = FO,2 - Fo,i 17 
where 
Fo�i = the spot futures market price. 
Fo 2 = the next calendar month futures market price. 
Since, 
F O , 2 = [ S O - S P V ( D H + D 2 I ) ] � R ( 0 , 2 ) T ( � , 2 ) . . … … J G 
Fo�i = [ ( S o - i : P V ( d n ) : k r _ _ ) ...••.....19 
where 
di i = dividend payment of individual constituent between time 0 and 1 • 
dj i = dividend payment of individual constituent between time 1 and 2. 
17 
We devise the theoretical price of the next calendar month futures contract. 
F®O,2 is calculated and based on the observed F � i . 
I ‘ 
I ！ From equation (18), i 
\ F \ 2 = [ S o - S P V ( d i i + d2i)],r(0，2)t(0，2) 
I = So 己 r(0,2) t(0,2) _ p v ( dii) e r(0，2)肌2) _ J： pVCd^i) e 犷⑴，二)肌2) 
j 
Multiplying both sides by {[e 肌”肌”]/ [e '(。，〗)肌2)]} to eliminate So, 
i 
Feo�2X{[er(0,l)t(0，l)]/[er(0，2)t(0，2)]} 
二 { So e 啦)聯）_ S PV( dii) e r(0，2)肌2) _ 2 PV(d2i) e 啦)肌2) } 
X { [e r(0，l) t(0,l)]丨[己 r(0,2) t(0,2)]� 
- e Y r々(0，l)t(0，l)-r(0,2)t(0,2) 
^ 0,2 A e 
= [ S o ^ r(0，l) t(0，l) _ ^  pv (d i i ) e r(0,l)收 ” ] - E PV(d2i)^ r((U) t(0，l) 
= [ S o - s PV(dii)] e r(o，i) t(o,i) _ E PV(d2i) e��…肌D 
F^ 0,2 = F.0,1 e r(0，2) t(0，2) - _ ) 肌” _ S pv(d2i) e r(0，2) t(o，2)……….20 
where 
f ( d 2 i r 伙 仲 （ G , … ) 
2 : P V ( d 2 i ) = ^ 
1 = 1 
d2 i = the individual dividend paid between time 1 and 2, in terms of HSI points. 
r(0,ti) = the interest rate at time 0 for a maturity at time T, corresponding to the 
individual i th dividends. 
t(0,ti) = the time from time 0 to the maturity time T, corresponding to the individual 
i th dividends. 
18 
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CHAPTER III 
SCOPE OF STUDY 
Spread and Discrepancy 
The theoretical spread is: 
y = - Fo,i 21 
We will compile the sample statistics of the theoretical spread - maximum, minimum, 
and the mean, which are the maximum spread above Ml contango, maximum 
backwardation and the mean carry cost time 1 to time 2 respectively. 
We then proceed with the discrepancy between the observed and the 
theoretical carry cost of the next calendar month futures price. The discrepancy is: 
CO = V[/ _ i / 
= ( F O , 2 - Fo,i) - ( F'O,2 - Fo，i ) 
= F O , 2 - F'O,2 2 2 
Also, we will review the sample statistics of the discrepancy CO. 
Trading Rule 
To exploit the discrepancy, selling the futures spread, or namely a (：口 spread, 
by longing the Fq^ i and shorting the Fo,2 during above-full-contango helps to bring the 
line down back to full-contango. The Ci,2 spread is a side bet, which the line will flap 
down to the full-contango condition instead of further above-ftill-contango up. (See 
19 
i Figure 2) It is of 95% confidence when the Cj 2 is done at • where the one-sided ZQ.OS 
I 
=1.64. 
Figure 2: Spread Trading 
Spread 
in HSI Points 
Max(Fo�2) 
^ ^ • Above Full Contango 
. 
^ Full Contango F …2) 
II Below Full Contango 
Fo�2 Month � z 
A 
Min (Fo,2) 
Figure 2 is conceptually plotted where F � 1 is normalized to 0. 
Above-full-contango = the condition where the market ftitures price Fo，2 is higher 
than the theoretical future price F®o,2- Selling the spread is 
expecting the spread will narrow down to the full-contango 
relationship. 
The full-contango = the theoretical future price F®o,2 
Below-full-contango = the condition where the market futures price is lower than 
the theoretical future price. It may be normal backwardation 
(where Fo�i < Fo,2 < ) or 
backwardation (where ¥q,2 < Fo,i). 
Buying the spread is expecting the spread will widen up to 
the full-contango situation. 
20 
From equation 22, 
I CO = Vj/ -
j � 
I 
=FO，2 - F 0,2 
i • 
col = 0) conditioned by distribution of \\f above v|/® 
or Fo,2 - F®o,2 2 3 
co2 = CO conditioned by distribution of \\f below \|/® 
or I Fe。,】-FO,2 I 2 4 
• = + Mean (o 1) + 1.64 cj� i 25 
® = F'o,2 - M e a n ((o2) - 1.64 cr仍2 2 6 
If Fo,2 is below the theoretical price buying the spread, or namely a Wi，2 
spread - shorting the Fo,i and longing the Fo，2 during backwardation - will help to 
bring the line up to the full-contango condition. The 2 spread is a side bet, which 
the line will flap up to the full-contango condition instead of further backwardation 
down. It is of 95% confidence when the Wi,2 is done at ® where one-sided ZQ.QS 二 
1.64. 
Practically, the bid-ask spread of the futures consumes part of the perceived 
profit of the Wi 2 spread and Ci 2 spread. 
The initiation of the spread at • and ® can be affected by more execution 
uncertainty as the speculation opportunities only exist for a couple of minutes, 
whereas the closing-out of the spreads, which occurs in most of the trading hours, will 
be at the full-contango. 
21 
Predicting Market Price by Equilibriuin Futures Price 
i 
Regression analysis on the futures prices shows their relationships: 
FO,2 = AI + BI F'O,2 + EI 2 7 
I 22 
I 
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I DATA 
i 
I 
！ • 
I i .. 
I 
Out of the January to October 1994 real-time trading records from the Hong 
Kong Futures Exchange, we select 105,979 entries from September, 1994 and the 
123,044 entries from October.，The data are synchronized with the daily detailed 
Hong Kong Inter Bank Offered Rate from The Monthly Statistical Bulletin by the 
Hong Kong Monetary Authority, 
Irrelevant records such as options, Sub-Indices futures are excluded from the 
raw data set to retain only the HSI traded futures prices by dBASE V. There are 
19,562 entries and 21,508 entries in futures prices for September 1994 and October 
1994 respectively. The traded futures prices are then processed by Excel 5. The data 
are sorted by date, time and settlement month. 
Table 1: Excerpt of Data 
Date Time Settlement Month Trade price 
"Sep 19, 1994 10.01.10 T409 "^10 
"Sep 19, 1994 10.01.23 T409 "^05 
Sep 19,1994 — 10.01.38 9410 9930 
'Sep 19,1994 — 10.01.41 9409 — 9900 
"Sep 19, 1994 1 0 l . 5 2 "9409 9910 
"Sep 19，1994 10.02.08 9409 9915 
Raw Data Source: HKFE. 
5 The authors would like to thank Professor Raymond Chiang again for his assistance in 
obtaining the real-time HKFE trading records. 
6 The bulletin was first published in October 1994. Together with the real-time records from 
January to October, 1994，we can have our study on September and October of 1994. 
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The pair of F。，】 and Fo，i is chosen to be within 30 seconds of trade where Fo，i 
is the very next trade following Fo,2. The above example is the 9410-9409 pair of 
9930 19900. 
1,880 pairs of 9410-9409 spread data and 1,704 pairs of 9411-9410 spread 
data are then processed using the most best available matching continuous HIBOR/ 
Continuous HIBOR is converted from the simple HIBOR obtained from the Monthly 
Statistical Bulletin. 
The dividend payments of HSI constituent stocks in dollar term are obtained 
from the constituents' annual reports. The ex-dividend dates are supplied by the 
Weekly Hong Kong Market Statistics from Wardley Data Services Limited. The 
discrete dividend payment and special cash bonus are entered into the equation 20, 
together with FQJ and the most best available matching continuous HIBORs to 
determine the theoretical full cost-of-carry F � , � . 
To convert discrete dividend payments to Hang Seng Index points, the 
conversion factor of the initial HSI market value, where HSI was 100 points on July 
31，19649 is considered. However, HSI was first published in 1969，and the index has 
undergone more than twenty changes in constituents whereby the base has been 
adjusted accordingly. In our study, we obtained the daily HSI market value and the 
corresponding spot index from HSI Service Limited from September to October 1994, 
which is our samples' period. The daily data are converted to the daily base per HSI 
point, and we have bases for the forty-one trading days from September to October 
7 See Appendix 2 for HIBOR Summary (September - October, 1994) 
8 See Appendix 3 for Dividend Summary (with Ex-dividend Date within September -
November, 1994) 
j . 
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1994. Since the data HSI market value is quoted at million level, we then average 
them to get an averaged base as mS177.659937 million per index point for our 
study, and the standard deviation of the averaged base is HK$0.4925 m i l l i o n " 
The format of spreadsheet for the analysis is as follows: 
F(o.i) F(o.2) Days Prior to Settlement HIBOR Dividend Theoretical Spread Discrepancy W 
Traded Time Traded Time nPV P(o,2, Observed Theoretical = = , W1 W2 
Trading Date Price Stamp Price Stamp ' • ‘ ( . ) ^ ‘ 、 ‘ Theoretical 
:: ：： :: ：： :: ：： :: ：： 
：： ：： ：： ：： ：： ：： ：： ：： 
where 
Trading Day = The day when the trade occurs. 
Traded Price = The traded price of the corresponding futures contract. 
Time Stamp = The time when the trade occurs. 
F(o 1) = Spot month futures contract. 
F(o 2) = Next calendar month futures contract. 
Days Prior to Settlement = Number of days prior to the final settlement of the 
corresponding futures contract, 
i.e.，The difference between the Last Trading Day of 
the corresponding contract and the Trading Date. 
r(o 1) = Best term-matching continuous HIBOR as discount 
rate for spot month futures contract. 
r(o 2) = Best term-matching continuous HIBOR as discount 
rate for next calendar month futures contract. 
NPV(Dividend) = Net present value of the discrete dividend flow as at 
the trading day. 
卩�0,2 = The theoretical price of the next calendar month 
futures contract, calculated from and based on the 
observed Foi. 
Observed Spread = \\f = 0^,2 “ Fo,i 
Theoretical Spread = = " Fo,i 
Discrepancy = Observed Spread - Theoretical Spread 
=M/-V1/® = Fo,2-F\2 
W1 = col e 
=Conditioned Discrepancy where v|/ > 
i.e., Fo�2 - F 0,2 
W2 = 
=Conditioned Discrepancy where \|/ < v|/® 
i.e., F®o,2 - Fo，2 
9 The index is 100 at July 13, 1964 as chosen by the Hang Seng Index Services Limited, Fact 
Book 1992, The Stock Exchange of Hong Kong Ltd. 
See Appendix 4 for Averaged Base of HSI for September to October 1994. 
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I About the NPV of the dividend payments, the following matrix is used. 
[ I j 
For Pricing November 1994 Futures Contract as F®(o,2) 
Ex-Dividend Date 
11/12/94 11/12/94 11/26/94 11/26/94 11/26/94 
Dividend(in ^3 21505 4.97200 2.97105 10.78008 8.98340 NPV 
index point) 
Trading Date 
10/03/94 13.14719 4.94647 2.95047 10.70541 8.92118 40.67073 
10/04/94 13.14969 4.94741 2.95110 10.70768 8.92307 40.67895 
. . . . • • • • • • • • • • . . . . . . .• • • • • ‘ • 
Five constituent stocks were ex-dividend in November 1994 and their dividend 
payments are converted to HSI points. These payments are discounted as PV to the 
corresponding trading date. As at a particular trading date, the NPV, which is used for 
pricing the next calendar month futures contracts, is the sum of the PV as at the 
corresponding date. ^  ^  
” S e e Appendix 5 for Dividend Matrix Summary for pricing the next calendar month futures 
contracts from September to October 1994. 
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RESULTS 
Descriptive Statistics 
The follow table summarizes the descriptive statistics of the spread and 
discrepancies. 
Table 2: Descriptive Statistics on Spread and Discrepancies 
\ | /E (0 C01 CO2 
M ^ S ^ ^ n r " L O M ^ "T077i3l2 6：664?735 
s.d (pts) 5.15 10.31581 5.0301069 13.054306 
Max (pts) 8.76 86.92766 86.92766 119.9821 
Min (pts) -3.28 -119.9821 0.0057954 0.0091817 
Observations 3584 3584 2349 1235 
65.54% 34.46% 
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Stimulated Trading Rule 
Figure 3: Stimulated Trading Rule fSeptember and October 1994� 
Spread 
in HSI Points 
Max (Fo�2) 
^ ^ • Above Full Contango 
(Ol =86.93 HSIpt 
^ ^ 一 Full Contango F®(o,2) 
. — 一 
o，i ^ ^ co2 = 119.98 HSI pt 
Min (Fo�2) 
The 95%-confidence stimulated trading rule is 
• = F®O,2 + Mean («1) + 1.64 cr�i 
=F 'o ,2 +5.08 HSI + 1.64X5.03 HSI 
=F 'o ,2 +13.33 HSI 
® = F®O,2 - Mean (0)2) - 1.64 
=F 'o ,2 - 6.66 HSI - 1.64 X 13.05 HSI 
=F 'o ,2 - 28.06 HSI 
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Regression Analysis 
From equation 27, the regression analysis on prices: 
Fo,2 = a + p ¥%,2 + s 
a=11.16HSI�SE(a)=7.08 
p = 0.9989，SE(p)=0.00075 
R2 = 0.99801 
SE= 10.31 
Suppose the null hypothesis is 
Ho : a = 0 
Ha : a > 0 o r a < 0 
a 
t= S E ( p L � = 1.576 p-value = 0.057 
to.o5= 1.64 p-value = 0.05 
p-value > 0.05 that H � i s not rejected 
a is not statistically different from zero at 95% confident level, and in this case a is 
positive. 
Suppose the null hypothesis is 
H o : p = 0 
Ha : P > 0 or p < 0 
P 
t � 聊 ） � 1 3 4 0 
to.oi 二 2.33 
p-value < 0.01 that HQ is rejected 
Pi is statistically different from zero at 99% confident level; in this case, Pi is 
positive. 
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CHAPTER VI 
CONCLUSION AND DISCUSSION 
This paper develops a general relationship between Hang Seng Index futures 
prices' term structure under no-arbitrage cost-of-carry model, which is observed to be 
a good predictor of the ftitures prices in the Hong Kong Futures Market. 
Regression analysis of futures prices shows the tight adherence of the data to 
the best-fit straight line in statistical sense. 
The actual spread of above-full-contango from the theoretical value is 5.08 
HSI with standard deviation of 5.03 HSI. The t-statistics of 1.01 is statistically 
insignificant from the zero on a confident level of 90% where t=1.28. 
The actual spread of below-full-contango from the theoretical value is 6.66 
HSI with standard deviation of 13.05 HSI. The t-statistics of 0.51 is statistically 
insignificant from zero on a confident level of 75% where t=0.67. 
However, the Fo�2 is observed to be 2,349 times out of 3,584 times, i.e., 
65.54%, above the full-contango futures prices. 
Nevertheless, the possibility of using the stimulated trading strategy of C12 
spread (of longing the F q j and shorting the Fo,2) at • where • = F®o,2 + 13.33 HSI, is 
0.117. This spread does usually occur but when 13.33 HSI point is considered to be 
the profit�definitely it is not a profitable spread. 
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The possibility for the execution of as ® = F'0,2 • 28.06 HSI of 0.002 is 
however much lower. The execution of this spread for profit cannot be treated as a 
daily operation item. 
Together with the 8.92 HSI points^� of transaction fees, the trading rules 
becomes © = F'0,2 + 13.33 HSI points + 8.92 HSI ponits and ® = Fe� ,� - 28.06 HSI 
points - 8.92 HSI points and the possibility of executing • and ® becomes 0.02 and 
0.0001 respectively. Practically, the strategies • and ® cannot be a consistent and 
assured profitable project. 
With an overview of the observed price being insignificantly different from 
the theoretical price in statistical sense, while the stimulated trading rules are 
practically unprofitable from the observed spreads, the Hong Kong Futures Markets 
can be said to be mostly correctly priced according to no-arbitrage cost-of-carry term-
structure model in the field of our study. 
12 A Round-trip spread commission is ( HK$200 + HK$23 ) X 2 / 50 = 8.92 HSI points 
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APPENDIX 
Appendix 1 
Specification of HSI Futures Contract 
Appendix I - HSI Futures Contract Specifications 
Items Hang Seng Index Futures 
Contract Size The Hang Seng Index Futures X HK$50 
Quotation Index Points 
Minimum Fluctuation One Index Point (HK$50) 
Maximum Fluctuation 500 Index Points per Trading Session above or below 
the last Closing Quotation, not applicable to Spot 
Month contract, and not applicable to the next month 
futures contract on the Last Trading Day of the Spot 
Month Contracts 
Trading Hours Two trading sessions: 
10:00 - 12:30, 14:30 - 16:00 local Hong Kong time 
Delivery Months Spot month, the next calendar month, 
and the next two calendar quarter months 
Last Trading Day The business day preceding the last business day of the 
month 
Settlement Day The first business day after the last trading day 
Final Settlement Price EAS - An average of quotations for the Hang Seng 
Index taken at five-minutes intervals during the last 
trading day rounded down to the nearest whole number 
Settlement Method Cash 
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Margining System TIMS (for House Account) 
SPAN (for Client Account) 
Minimum Margin For House Account 
HK$35,000 
HK$5，000 (for spread trading) 
For Client Account 
HK$45,000 
HK$7,500 (for spread trading) 
Position Limit Not applicable 
(Subject to alternation without notice. For details, refer to the Rules and Regulations 
of the HKFE) 
Source: Hong Kong Futures Exchange. Using Hang Seng Index Futures. (1994) 
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Appendix 2 
HIBOR Summary (September - October 1994� 
Simple Continuous 
Date Overnight 1-week 1-month 3-monW Overnight 1-week 1-month 3-month 
Sep 01,94 438% 4.81% 4.29% 4.34% 4.53% 4.70% 
Sep 02,94 4.75% 4.63% 4.63% 4.81% 4.64% 4.53% 4.53% 4.70% 
Sep 05,94 4.38% 4.50% 4.63% 4.81% 4.29% 4.40% 4.53% 4.70% 
Sep 06,94 4.50% 4.56% 4.63% 4.81% 4.40% 4.46% 4.53% 4.70% 
Sep 07,94 4.63% 4.63% 4.63% 4.81% 4.53% 4.53% 4.53% 4.70% 
Sep 08,94 4.38% 4.50% 4.63% 4.81% 4.29% 4.40% 4.53% 4.70% 
Sep 09,94 4.13% 4.38% 4.56% 4.81% 4.05% 4.29% 4.46% 4.70% 
Sep 12,94 4.25% 4.38% 4.56% 4.81% 4.16% 4.29% 4.46% 4.70% 
Sep 13, 94 4.25% 4.38% 4.63% 4.81% 4.16% 4.29% 4.53% 4.70% 
Sep 14,94 4.13% 4.31% 4.56% 4.81% 4.05% 4.22% 4.46% 4.70% 
Sep 15,94 4.25% 4.50% 4.63% 4.88% 4.16% 4.40% 4.53% 4.76% 
Sep 16,94 4.38% 4.44% 4.63% 4.88% 4.29% 4.34% 4.53% 4.76% 
Sep 19,94 4.25% 4.38% 4.63% 4.88% 4.16% 4.29% 4.53% 4.76% 
Sep 20,94 4.44% 4.50% 4.63% 4.94% 4.34% 4.40% 4.53% 4.82% 
Sep 22,94 4.50% 4.63% 4.69% 5.06% 4.40% 4.53% 4.58% 4.94% 
Sep 23.94 4.50% 4.56% 4.75% 5.13% 4.40% 4.46% 4.64% 5.00% 
Sep 26,94 4.63% 4.75% 4.81% 5.13% 4.53% 4.64% 4.70% 5.00% 
Sep 27,94 4.50% 4.75% 4.81% 5.13% 4.40% 4.64% 4.70% 5.00% 
Sep 28, 94 4.63% 4.75% 4.81% 5.13% 4.53% 4.64% 4.70% 5.00% 
Sep 29,94 4.50% 4.69% 4.75% 5.13% 4.40% 4.58% 4.64% 5.00% 
Sep 30’ 94 4.88% 4.75% 4.88% 5.19% 4.76% 4.64% 4.76% 5.06% 
Oct 03,94 4.69% 5.25% 4.53% 4.70% 4.58% 5.12% 4.43% 4.59% 
Oct 04: 94 4.56% 5.25% 4.29% 4.64% 4.46% 5.12% 4.20% 4.54% 
Oct 05: 94 4.56% 5.31% 4.29% 4.64% 4.46% 5.17% 4.20% 4.54% 
Oct 06,94 4.63% 5.44% 4.40% 4.70% 4.53% 5.30% 4.31% 4.59% 
Oct 07’ 94 4.63% 5.50% 4.29% 4.82% 4.53% 5.35% 4.20% 4.71% 
Oct 10,94 4.63% 5.50% 4.40% 4.82% 4.53% 5.35% 4.31% 4.71% 
Oct 11 94 4.69% 5.50% 4.53% 4.82% 4.58% 5.35% 4.43% 4.71% 
Oct 12’ 94 4.75% 5.50% 4.53% 4.88% 4.64% 5.35% 4.43% 4.76% 
Oct 14’ 94 4 75% 5.50% 4.64% 4.88% 4.64% 5.35% 4.54% 4.76% 
Oct 17’ 94 4 75% 5.44% 4.58% 4.76% 4.64% 5.30% 4.48% 4.65% 
Oct 18’’ 94 4.75% 5.50% 4.53% 4.76% 4.64% 5.35% 4.43% 4.65% 
Oct 19,94 4.75% 5.50% 4.64% 4.82% 4.64% 5.35% 4.54% 4.71% 
Oct 20 94 4.81% 5.50% 4.64% 4.82% 4.70% 5.35% 4.54% 4.71% 
Oct 21'94 4.69% 5.50% 4.29% 4.82% 4.58% 5.35% 4.20% 4.71% 
Oct 24' 94 4 63% 5.50% 4.29% 4.82% 4.53% 5.35% 4.20% 4.71% 
Oct 25 94 4.50% 5.44% 4.05% 4.70% 4.40% 5.30% 3.97% 4.59% 
Oct 26 94 4 38% 5.44% 4.05% 4.64% 4.29% 5.30% 3.97% 4.54% 
Oct 27'94 4 25% 5.44% 3.81% 4.64% 4.16% 5.30% 3.74% 4.54% 
Oct 28’ 94 4 25% 5.50% 3.81% 4.62% 4.16% 6.35% 3.74% 4.52% 
Oct 31’’ 94 4.380/0 5.38% 4.16% 4.76% 4.29% 5.24% 4.08% 4.65% 
* Source : Monthly Statistical Bulletin from Hong Kong Monetary Authority. 
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Appendix 2 
Dividend Summary (with Ex-dividend Date within September - Nnvemher, 1994) 
Date Payout 
Company Ex-Dividend HK$ Equivalent Nature 
Miramar Hotel Sep 14’ 94 33,293,101 0 l 9 F 
Citic Pacific Sep 15,94 262,030,621 1.47 I 
Hang Seng Bank Sep 17,94 1,158,900,862 6.52 I 
HK & Shanghai Hotel Sep 17,94 75,522,888 0.43 I 
HSBC HIdgs pic Sep 23,94 1,669,412,005 9.40 I 
Cathay Pacific Sep 24,94 300,773,712 1.69 I 
HAECO Sep 24, 94 55,558,125 0.31 I 
HK Electric Sep 24,94 747,523,836 4.21 I 
Swire Pacific (A) Sep 24,94 320,398,612 1.80 I 
Wheelock Sep 27,94 537,531,538 3.03 F 
Winsor Ind Sep 29,94 156,171,173 0.88 F 
HK&ChinaGas Oct01,94 248,327,165 1.40 I 
TV Broadcasts Oct 01,94 84,000,800 0.47 I 
Wharf (HIdgs) Oct 06,94 476,959,857 2.68 I 
Dairy Farm Int'l* Oct 08,94 219,197,268 1.23 I 
HK Land Holding* Oct 08，94 728,940,373 4.10 I 
Mandarin Oriental* Oct 08,94 82,688,848 0.47 I 
Hopewell Oct 12’ 94 820,411,591 4.62 F 
Jardine Math Hold* Oct 15,94 438,459,120 2.47 I 
Jardine Strategic* Oct 15,94 336,044,906 1.89 I 
Hysan Oct 18,94 343,219,199 1.93 I 
Hutchison Whampoa Oct 21,94 940,538,631 5.29 I 
Cheung Kong Oct 25,94 593,340,185 3.34 I 
Sun Hung Kai Prop Nov 12,94 2,347,785,704 13.22 F 
Sun Hung Kai Prop Nov 12,94 883.325,314 4.97 SCB 
Hang Lung Dev Nov 26,94 527,837,070 2.97 F 
Henderson Land Nov 26,94 1,915,188,000 10.78 F 
Henderson Land Nov 26, 94 1,595,990,000 8.98 SCB 
Source: Annual Report of the Constituents Stocks 
Weekly Hong Kong Market Statistics, Wardley Data Services Limited 
Note: F=Final Dividend, I=Interim Dividend, SCB=Special Cash Bonus 
* Dividend is paid by US$. 
The amount is converted to HK Currency at 7.735 HK$/US$. 
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Appendix 2 
Averaged Base ofHST for September to October 1994 
Amount (HK$ Million) 
Market 
Date Cash Index ^ .‘ •. ‘ . per Index Point 
Capitalization 
09/01/94 9890.90 ~ 1 , 7 5 6 , 4 7 7 177.585154 
09/02/94 9901.56 1,758,369 177.585047 
09/05/94 9962.04 1,769,141 177.588225 
09/06/94 10035.97 1,782,270 177.588215 
09/07/94 10165.87 1,805,338 177.588145 
09/08/94 10150.98 1,802,694 177.588174 
09/09/94 10145.02 1,801,635 177.588117 
09/12/94 9890.37 1,756,469 177.593862 
09/13/94 9937.01 1,764,752 177.593864 
09/14/94 9846.40 1,748,660 177.593841 
09/15/94 9862.64 1,751,543 177.593727 
09/16/94 9968.52 1,770,348 177.593865 
09/19/94 9801.43 1,741,223 177.649894 
09/20/94 9824.75 1,745,367 177.650017 
09/22/94 9668.14 1,717,544 177.649889 
09/23/94 9632.47 1,711,208 177.649969 
09/26/94 9643.63 1,713,366 177.668160 
09/27/94 9610.24 1,707,434 177.668196 
09/28/94 9693.49 1,722,226 177.668311 
09/29/94 9700.21 1,723,420 177.668319 
09/30/94 9521.24 1,691,622 177.668245 
10/03/94 9492.49 1,686,653 177.682884 
10/04/94 9504.12 1,688,720 177.682942 
10/05/94 9298.36 1,652,160 177.682946 
10/06/94 9276.25 1,648,230 177.682792 
10/07/94 9284.88 1,649,764 177.682856 
10/10/94 9248.40 1,643,527 177.709334 
10/11/94 9362.32 1.663,772 177.709371 
10/12/94 9532.35 1,693,988 177.709379 
10/14/94 9550.93 1,697,291 177.709501 
10/17/94 9455.94 1.680,410 177.709461 
10/18/94 9418.57 1,673,769 177.709461 
10/19/94 9320.06 1,656,262 177.709371 
10/20/94 9388.78 1,668,475 177.709457 
10/21/94 9338.59 1,659,556 177.709483 
10/24/94 9364.29 1,664,087 177.705624 
10/25/94 9246.50 1,643,155 177.705618 
10/26/94 9252.44 1,644,211 177.705665 
10/27/94 9304.58 1,653,477 177.705711 
10/28/94 9379.47 1,666,785 177.705670 
10/31/94 9646.25 1,714,222 177.708643 
“ Average 177.659937 
s.d. 0.049255 
Source : Hang Seng Index Service Limited 
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Appendix 2 
Dividend Matrix for Pricing Next Calendar Month Futures 
For F'(o,2) in September 1994 
Ex-Dividend Date 
10/06 10/08 10/08 10/08 10/12 16/TF 10/15 10/18 10/21 10/25 
Dividendfin • 1.23 4.10 0.47 4.62 2.47 1.89 1.93 5.29 3.34 NPV 
index point) 
Trading Date 
09/01/94 2.67 1.23 4.08 0.46 4.59 2.45 1.88 1.92 5.26 3.32 27.88 
09/02/94 2.67 1.23 4.08 0.46 4.60 2.45 1.88 1.92 5.26 3.32 27.88 
09/05/94 2.67 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.26 3.32 27.89 
09/06/94 2.67 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.26 3.32 27.90 
09/07/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.90 
09/08/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.90 
09/09/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.91 
09/12/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.92 
09/13/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.92 
09/14/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.92 
09/15/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.93 
09/16/94 2.68 1.23 4.09 0.46 4.60 2.46 1.88 1.92 5.27 3.32 27.93 
09/19/94 2.68 1.23 4.09 0.46 4.60 2.46 1.89 1.92 5.27 3.32 27.94 
09/20/94 2.68 1.23 4.09 0.46 4.61 2.46 1.89 1.93 5.27 3.33 27.94 
09/22/94 2.68 1.23 4.09 0.46 4.61 2.46 1.89 1.93 5.27 3.33 27.95 
09/23/94 2.68 1.23 4.10 0.46 4.61 2.46 1.89 1.93 5.28 3.33 27.95 
09/26/94 2.68 1.23 4.10 0.46 4.61 2.46 1.89 1.93 5.28 3.33 27.96 
09/27/94 2.68 1.23 4.10 0.46 4.61 2.46 1.89 1.93 5.28 3.33 27.97 
09/28/94 2.68 1.23 4.10 0.46 4.61 2.46 1.89 1.93 5.28 3.33 27.97 
09/29/94 2.68 1.23 4.10 0.46 4.61 2.46 1.89 1.93 5.28 3.33 27.97 
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For F%，2) in October 1994 
Ex-Dividend Date 
11/12 ’ 11/12 11/26 1 W 1 W 
13.22 10J8 ^ NPV 
index point) 
Trading Date 
10/03/94 13.15 4.95 2.95 10.71 8.92 40.67 
10/04/94 13.15 4.95 2.95 10.71 8.92 40.68 
10/05/94 13.15 4.95 2.95 10.71 8.92 40.68 
10/06/94 13.15 4.95 2.95 10.71 8.92 40.69 
10/07/94 13.15 4.95 2.95 10.71 8.92 40.69 
10/10/94 13.16 4.95 2.95 10.71 8.93 40.70 
10/11/94 13.16 4.95 2.95 10.71 8.93 40.71 
10/12/94 13.16 4.95 2.95 10.72 8.93 40.71 
10/14/94 13.16 4.95 2.95 10.72 8.93 40.72 
10/17/94 13.17 4.96 2.96 10.72 8.94 40.74 
10/18/94 13.17 4.96 2.96 10.73 8.94 40.75 
10/19/94 13.17 4.96 2.96 10.73 8.94 40.75 
10/20/94 13.17 4.96 2.96 10.73 8.94 40.76 
10/21/94 13.18 4.96 2.96 10.73 8.94 40.76 
10/24/94 13.18 4.96 2.96 10.73 8.94 40.78 
10/25/94 13.18 4.96 2.96 10.74 8.95 40.79 
10/26/94 13.19 4.96 2.96 10.74 8.95 40.80 
10/27/94 13.19 4.96 2.96 10.74 8.95 40.80 
10/28/94 13.19 4.96 2.96 10.74 8.95 40.81 
10/31/94 13.20 4.96 2.96 10.74 8.95 40.82 
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Appendix 2 
Excerpt of the Worksheet on Calendar Spreads � 
F(o.i) ^ Days Prior to Settlement HIBOR Dividend Theoretical Spread Discrepancy W 
^ 二 ^ 二 F(。’i) P . , _ _ ~ ~ 一 ^ W1 W2 
I ‘ ‘ • • • • • 11 ‘ ‘ I I ！! 
09/15/94 9765 10:02:45 9780 10:02:42 14 43 4.40% 4.53% 27.93 9772.57 15.00 7.57 7.43 7.43 
09/15/94 9785 10:07:27 9800 10:07:10 14 43 4.40% 4.53% 27.93 9792.64 15.00 7.64 7.36 7.36 
09/15/94 9815 10:28:55 9825 10:28:07 14 43 4.40% 4.53% 27.93 9822.75 10.00 7.75 2.25 2.25 
09/15/94 9805 10:30:07 9820 10:30:06 14 43 4.40% 4.53% 27.93 9812.72 15.00 7.72 7.28 7.28 
09/15/94 9795 10:32:17 9815 10:32:10 14 43 4.40% 4.53% 27.93 9802.68 20.00 7.68 12.32 12.32 
09/15/94 9795 10:32:44 9810 10:32:31 14 43 4.40% 4.53% 27.93 9802.68 15.00 7.68 7.32 7.32 
09/15/94 9815 10:48:33 9820 10:48:32 14 43 4.40% 4.53% 27.93 9822.75 5.00 7.75 -2.75 2.75 
09/15/94 9825 11:12:09 9840 11:11:45 14 43 4.40% 4.53% 27.93 9832.79 15.00 7.79 7.21 7.21 
09/15/94 9815 11:21:57 9825 11:21:50 14 43 4.40% 4.53% 27.93 9822.75 10.00 7.75 2.25 2.25 
09/15/94 9815 11:39:01 9830 11:38:50 14 43 4.40% 4.53% 27.93 9822.75 15.00 7.75 7.25 7.25 
09/15/94 9786 11:46:43 9810 11:46:41 14 43 4.40% 4.53% 27.93 9793.65 24.00 7.65 16.35 16.35 
09/15/94 9787 11:47:19 9800 11:47:03 14 43 4.40% 4.53% 27.93 9794.65 13.00 7.65 5.35 5.35 
09/15/94 9800 11:52:31 9805 11:52:27 14 43 4.40% 4.53% 27.93 9807.70 5.00 7.70 -2.70 2.70 
09/15/94 9798 11:53:44 9805 11:53:37 14 43 4.40% 4.53% 27.93 9805.69 7.00 7.69 -069 0.69 
09/15/94 9813 11:58:28 9825 11:58:26 14 43 4.40% 4.53% 27.93 9820.74 12.00 7.74 4.26 4.26 
09/15/94 9815 12:05:03 9830 12:04:52 14 43 4.40% 4.53% 27.93 9822.75 15.00 7.75 7.25 7.25 
09/15/94 9810 12:21:41 9810 12:21:18 14 43 4.40% 4.53% 27.93 9817.73 0.00 7.73 -7.73 7.73 
09/15/94 9810 12:23:02 9825 12:22:45 14 43 4.40% 4.53% 27.93 9817.73 15.00 7.73 7.27 7.27 
09/15/94 9818 14:35:12 9830 14:34:49 14 43 4.40% 4.53% 27.93 9825.76 12.00 7.76 4.24 4.24 
09/15/94 9815 15:10:31 9825 15:10:28 14 43 4.40% 4.53% 27.93 9822.75 10.00 7.75 2.25 2.25 
09/15/94 9815 15:12:38 9820 15:12:17 14 43 4.40% 4.53% 27.93 9822.75 5.00 7.75 -2.75 2.75 
09/15/94 9835 15:30:33 9840 15:29:56 14 43 4.40% 4.53% 27.93 9842.82 5.00 7.82 -2.82 2.82 
09/15/94 9860 15:44:14 9860 15:44:12 14 43 4.40% 4.53% 27.93 9867.92 0.00 7.92 -7.92 7.92 
09/16/94 9965 10:01:18 9970 10:01:10 13 42 4.34% 4.53% 27.93 9973.47 5.00 8.47 -3.47 3.47 
0 9 / 1 6 / 9 4 9 9 7 0 1 0 : 0 1 : 5 6 9 9 9 0 1 0 : 0 1 : 5 5 1 3 4 2 4 . 3 4 % 4 . 5 3 % 2 7 . 9 3 9 9 7 8 . 4 9 2 0 . 0 0 8 . 4 9 1彳_51 11.51 
09/16/94 9975 10:04:23 9970 10:04:07 13 42 4.34% 4.53% 27.93 9983.51 -5.00 8.51 -13.51 13.51 
09/16/94 9955 10:05:29 9985 10:05:13 13 42 4.34% 4.53% 27.93 9963.43 30.00 8.43 21.57 21.57 
09/16/94 9955 10:07:55 9970 10:07:44 13 42 4.34% 4.53% 27.93 9963.43 15.00 8.43 6.57 6.57 
09/16/94 9970 10:09:19 9980 10:08:38 13 42 4.34% 4.53% 27.93 9978.49 10.00 8.49 1.51 1.51 
09/16/94 9955 10:09:50 9970 10:09:47 13 42 4.34% 4.53% 27.93 9963.43 15.00 8.43 6.57 6.57 
09/16/94 9945 10:15:40 9960 10:15:35 13 42 4.34% 4.53% 27.93 9953.40 15.00 8.40 6.60 6.60 
09/16/94 9946 10:19:22 9955 10:19:10 13 42 4.34% 4.53% 27.93 9954.40 9.00 8.40 0.60 0.60 
09/16/94 9940 10:25:16 9950 10:25:10 13 42 4.34% 4.53% 27.93 9948.38 10.00 8.38 1.62 1.62 
09/16/94 9948 10:27:03 9955 10:27:00 13 42 4.34% 4.53% 27.93 9956.41 7.00 8.41 -1.41 1.41 
09/16/94 9958 10:29:03 9960 10:28:49 13 42 4.34% 4.53% 27.93 9966.44 2.00 8.44 •6.44 6.44 
09/16/94 9955 10:32:58 9970 10:32:16 13 42 4.34% 4.53% 27.93 9963.43 15.00 8.43 6.57 6.57 
09/16/94 9945 10:35:42 9955 10:34:07 13 42 4.34% 4.53% 27.93 9953.40 10.00 8.40 1.60 1.60 
09/16/94 9940 10:43:35 9950 10:43:22 13 42 4.34% 4.53% 27.93 9948.38 10.00 8.38 1.62 1.62 
09/16/94 9920 10:53:30 9930 10:53:26 13 42 4.34% 4.53% 27.93 9928.31 10.00 8.31 1.69 1.69 
09/16/94 9916 11:22:27 9930 11:22:10 13 42 4.34% 4.53% 27.93 9924.29 14.00 8.29 5.71 5.71 
09/16/94 9952 11:41:15 9960 11:40:59 13 42 4.34% 4.53% 27.93 9960.42 8.00 8.42 -0.42 0.42 
09/16/94 9930 11:54:14 9945 11:54:14 13 42 4.34% 4.53% 27.93 9938.34 15.00 8.34 6.66 6.66 
09/16/94 9928 12:10:03 9930 12:09:58 13 42 4.34% 4.53% 27.93 9936.33 2.00 8.33 -6.33 6.33 
09/16/94 9933 12:17:44 9947 12:15:44 13 42 4.34% 4.53% 27.93 9941.35 14.00 8.35 5.65 5.65 
09/16/94 9942 12:24:07 9929 12:24:01 13 42 4.34% 4.53% 27.93 9950.39 -13.00 8.39 -21.39 21.39 
09/16/94 9947 14:37:54 9960 14:36:58 13 42 4.34% 4.53% 27.93 9955.40 13.00 8.40 4.60 4.60 
09/16/94 9948 14:38:50 9950 14:38:24 13 42 4.34% 4.53% 27.93 9956.41 2.00 8.41 -6.41 6.41 
09/16/94 9935 14:43:06 9955 14:42:22 13 42 4.34% 4.53% 27.93 9943.36 20.00 8.36 11.64 11.64 
09/16/94 9950 14:55:32 9962 14:55:14 13 42 4.34% 4.53% 27.93 9958.42 12.00 8.42 3.58 3.58 
09/16/94 9965 15:07:55 9975 15:07:46 13 42 4.34% 4.53% 27.93 9973.47 10.00 8.47 1.53 1.53 
09/16/94 9969 15:08:43 9980 15:08:27 13 42 4.34% 4.53% 27.93 9977.48 11.00 8.48 2.52 2.52 
09/16/94 9980 15:11:27 9990 15:11:24 13 42 4.34% 4.53% 27.93 9988.53 10.00 8.53 1.47 1.47 
09/16/94 9990 15:12:36 10000 15:12:27 13 42 4.34% 4.53% 27.93 9998.56 10.00 8.56 1.44 1.44 
09/16/94 9990 15:13:54 10000 15:13:54 13 42 4.34% 4.53% 27.93 9998.56 10.00 8.56 1.44 1.44 
OS/16/94 10000 15:14:23 10010 15:14:23 13 42 4.34% 4.53% 27.93 10008.60 10.00 8.60 1.40 1.40 
09/16/94 9995 15:16:50 10000 15:16:26 13 42 4.34% 4.53% 27.93 10003.58 5.00 8.58 -3.58 3.58 
09/16/94 9983 15:33:17 9990 15:32:56 13 42 4.34% 4.53% 27.93 9991.54 7.00 8.54 -1.54 1.54 
09/16/94 9985 15.36.50 9990 15:36:48 13 42 4.34% 4.53% 27.93 9993.54 5.00 8.54 -3.54 3.54 
09/16/94 9995 15:39:40 10005 15:39:31 13 42 4.34% 4.53% 27.93 10003.58 10.00 8.58 1.42 1.42 
09/16/94 10000 15:43:06 10000 15:42:50 13 42 4.34% 4.53% 27.93 10008.60 0.00 8.60 -8.60 8.60 
09/16/94 10025 15:52:05 10033 15:51:51 13 42 4.34% 4.53% 27.93 10033.69 8.00 8.69 -0.69 0.69 
09/16/94 10025 15:52:28 10040 15:52:19 13 42 4.34% 4.53% 27.93 10033.69 15.00 8.69 6.31 6.31 
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Appendix 2 
Summary Statistics of Spreads and Discrepancies 
Spread Discrepancy 
Obsery^Theoretical W = F(0,2) - F^ (0,2) W1 1/1/2 “ 
Mean T u 5.08 “ 6.66 
Median 5 .00 7.16 2.04 4 .03 3.90 
Mode 10.00 -3.12 2.00 2 .00 1.90 
Standard Deviation 11.47 5.15 10.32 5 .03 13.05 
Sample Variance 131.66 26.49 106.42 25.30 170.41 
Range 207.00 12.04 206.91 86.92 119.97 
Minimum -112.00 -3.28 -119.98 0.01 0.01 
Maximum 95.00 8.76 86.93 86.93 119.98 
Count 3 5 W 1235 
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Appendix 2 
Regression Analysis on Prices of F瓜2�with respect to F�o.2� 
一 Regression Statistics 
Multiple R 0.999004895 
R Square 0.998010781 
Adjusted R Square 0.998010226 
Standard Error 10.31430271 
Observations 3584 
ANOVA 
一 df SS MS F Significance 厂 
Regression 1 191186828.6 1.91E+08 1797125 0 
Residual 3582 381070.4979 106.3848 
Total 3583 191567899.1 
Coefficients Standard Error t Stat P-value Lower 99.000% Upper 99.000% 
Intercept 11.1629674 7.082768593 1.576074 0.115097 -7.090735007 29.41666982 
X Variable 1 0.998933755 0.000745157 1340.569 0 0.997013338 1.000854172 
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